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APOLLOMISSIONC' SPACECRAFTOPERATIONALTRAJECTORY

ALTERNATEi, LUNARORBITALMISSION

VOLUMEI - MISSIONPROFILEFORA MISSION

LAUNCHEDDECEMBER21, 1968

By Lunar Mission Design Section

1.0 SUMMARYANDINTRODUCTION

A_

The spacecraft operational trajectory for Mission C' - Alternate i,

is composed of four volumes which summarize the spectrum of missions for

a 2-month launch period (December 1968 and January 1969). Other than

this volume, Volume I, the operational trajectory document consists of

the following volumes.

i. Volume II - Trajectory Parameters for a Mission Launched

December 21, 1968: Listing of significant trajectory parameters computed

at selected time points during each phase of the same typical mission

described in this volume. It also contains a tracking acquisition and

loss table. (MSC Internal note no. 68-FM-253.)

2. Volume III - Summary of Missions for December 1968 Launch

Window: Summarizes missions for specific launch azimuths (72 ° , 81 ° , 90 ° ,

99 ° , 108 ° ) and summarizes selected parameters as a function of launch

azimuth (72 ° through 108 ° ) for each daily window (December 20 through

December 27). (MSC Internal note no. 68-FM-254.)

3. Volume IV - Summary of Missions for January 1969 Launch Window:

Summarizes missions for specific launch azimuths (72 ° , 81 ° , 90 ° , 99 ° ,

108 ° ) and summarizes selected parameters as a function of launch azimuth

(72 ° through 108 ° ) for each daily window (January 18 through January 24).

(MSC Internal note no. 68-FM-255.)

Although this volume of the operational trajectory document presents

a mission profile for a December 21, 1968 launch, 72 ° launch azimuth,

first injection opportunity, the profile should be interpreted as being

typical of the lunar missions planned during both the December and

January windows. Therefore, the guidelines and constraints, the launch
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window description (summarized in table I), and tracking ship placement

(discussed in section 6.0) apply to the spectrum of missions summarized

in Volumes Ill and IV.

The missions were designed for a daylight launch and reasonable

lighting in the Apollo zone. In the initial design "target sites" (some

of which are Apollo landing sites) and approach azimuths to these sites

were selected for each launch date to provide favorable trajectory charac-

teristics. Lunar orbit inclination, inclination of the free-return tra-

jectory, and propellant reserves were the main parameters considered in

this initial design.

Table I shows the target site designation, the selected approach

azimuth, and lighting conditions at each site for each launch date.

Table II shows the designation and location of the sites. In general,

the lighting is not favorable at the target sites for the landmark track-

ing objectives. Therefore, lunar landmarks are being selected for each

launch date in a longitude region of acceptable lighting (approximately

5° elevation with respect to the local horizontal). These landmarks are

not yet available.

It is emphasized that the launch vehicle operational trajectory

(ref. 2) published by MSFC is the official source for LV data. Data

related to the launch and translunar injection is included in this docu-

ment because it is approximately correct and is informative.

A mission lighting document is being published which summarizes the

lighting for the major mission phases for both monthly windows (ref. i).

The translunar injection tracking ship section of this document was

prepared by Mrs. M. B. Vick of the Mission Design Section of the TRW Sys-

tems Group.

The entry phase was computed and documented by the Reentry Studies

Section of the Landing Analysis Branch, Mission Planning and Analysis

Division.

As revisions for this basic profile evolve, this document will

necessarily be revised.
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A/RIA

c.g.

CM

CSM

DSKY

EMS

EP0

EOI

g.e.t.

GNCS

IGA

IMU

ISP

L/D

LH2

LM

LOI

LOI(I

Loi(2

LPO

LOX

2.0 ABBREVIATIONS

Apollo Range Instrumentation Aircraft

center of gravity

command module

command and service modules

display keyboard

entry monitoring system

earth parking orbit

earth orbit insertion

ground elapsed time from lift-off

guidance and navigation control

subsystem

inner gimbal angle

spacecraft inertial measurement unit

specific impulse

lift-to-drag ratio

liquid hydrogen

lunar module

lunar orbit insertion

lunar Orbit insertion into 60- by 170-n. mi.

orbit

lunar orbit circularization burn - from

60 by 170 to 60 by 60 n. mi.

lunar parking orbit

liquid oxygen



LTAB

LV

MCC

MGA

MSFC

MSFN

NPV

OGA

PV

RCS

REFSMMAT

SC

SCT

S-IVB

SLA

SM

SPS

TB7

TEl

Tig

TLI

lunar test article (B)

launch vehicle

midcourse correction

middle gimbal angle

Marshall Space Flight Center

MannedSpaceFlight Network

nonpropulsive vent

outer gimbal angle

propulsive vent

reaction control system

transformation matrix from inertial to
stable member(IMU)

spacecraft

scanning telescope

launch vehicle third stage

spacecraft LMadapter

service module

service propulsion subsystem

time base seven - initiated at TLI cutoff

transearth injection

time of ignition

translunar injection
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3.0 PRIMARY GUIDELINES AND CONSTRAINTS

The design of the mission and the resulting launch windows were

based on the following primary guidelines and constraints:

a. Launch will occur between 30 minutes prior to sunrise and
30 minutes after sunset.

b. The launch azimuth spread will be from 72 ° to 108 ° unless

other constraints, such as daylight launch, restrict the azimuth range.

c. Launches will be planned on consecutive days throughout the

available monthly windows.

d. The first TLI injection opportunity will occur on the second

earth parking orbit, and the second opportunity on the third orbit.

e. TLI will be targeted for a free-return circumlunar trajectory.

f. All CSM/SPS maneuvers will utilize external AV guidance.

g. L01 will be performed in two stages with the first burn, LOI(1),

resulting in a 60- by 170-n. mi. ellipse and the second, LOI(2), cir-

cularizing the orbit at 60 n. mi. two revolutions later.

h. The lunar orbit geometry will be chosen such that passage over

known lunar landmarks will occur with no significant penalty in SC

performance.

i. Approximately six unperturbed (no translation maneuvers) lunar

orbits will be available for tracking and navigation. A total of ten

orbits will be planned - allowing two orbits for post-LOl activities and

two Orbits for pre-TEl activities.

j. TEl will be targeted to a landing longitude of 165 ° W.

k. Transearth return inclination will be limited to a maximum of 40 ° .

i. Entry range will be 1350 n. mi. (relative range).

m. Transearth entry speed will be limited to a maximum of 36 323 fps

(inertial). This corresponds to a minimum transearth flight time of

approximately 50 hours.

n. The transearth trajectory will be targeted to an entry path angle
of -6.26 ° . (It should be noted that this guideline is incompatible with

a recent decision to target nominally to a steeper flight-path angle, i.e.,

-6.48 °. The steeper targeting will be reflected in the first revision of

this document.)
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4.0 LAUNCH WINDOW DESCRIPTION

Three constraints determined the daily launch windows and translunar

injection window as they are currently defined within the December and

January launch months.

a. Free-return circumlunar constraint.

b. Acceptable lunar lighting within the Apollo zone.

c. Daylight launch (30 minutes prior to sunrise - 30 minutes after

sunset).

The daily launch window for a specified site is determined by the

acceptable lighting range at that site coupled with the free-return
constraint.

The duration of a daily window is restricted by the daylight launch

constraint on certain days in both the December and January windows.

The Pacific injection window for both December and January is dic-

tated by the daylight launch requirement coupled with acceptable lighting

within the Apollo zone. Table I shows the opening and the duration of

the daily windows for December and January. The times shown are related

to the total azimuth spread (72 ° to 108 ° ) and do not reflect the daylight

launch constraint. The duration of the total window for all dates is

approximately 4h35 m .

Figures l(a) and l(b) are plots of launch azimuth versus launch time

and show how certain daily windows in December and January are restricted

by the daylight constraint.

On December 20 [fig. l(a)] the first acceptable azimuth is approxi-

mately 80 ° , the window duration is about 4h0 m, and opens at about

6h53 m e.s.t. The windows for the following dates open at successively

later times until on December 27, the first opportunity is about

16hh5 _ e.s.t.

On December 25, 26, and 27 the windows are restricted at the end of

the azimuth spread. On the 25, the last launch azimuth available is

102 ° and the duration of the window is 4h09 m. On December 26 the last

azimuth is 89 ° and the duration is 2h44 m. On December 27, the last

azimuth is 78 ° and the duration of the window is lh15 m.
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In the January window, none of the openings are restricted by day-
light launch [fig. l(b)], but the closing of the January 23 and 24 win-
dows are restricted as follows: OnJanuary 23, the last launch azimuth
available is about 96° and the window duration is 3h50m. On January 24,
the last launch azimuth available is about 83° and the window duration
is 2h35m.

In the above description of the launch windows the only constraint
discussed in detail was daylight launch. Other considerations may fur-
ther restrict the windows such as lighting for particular phases, pos-
sible earth landing for the free-return circumlunar trajectories, and
translunar injection coverage. Theseconsiderations are being studied
and the results will be published at a later date.
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5.0 OPERATIONAL MISSION PROFILE DESCRIPTION

This section summarizes a mission profile for a December 21, 1968

launch date. The burn times, propellants used, and most mission phase

times are typical of the lunar orbital missions planned for the December

and January launch windows, which are summarized in Volumes III and IV.

The profile is concisely presented in table III. In this section,

major events, spacecraft performance characteristics, and significant

trajectory parameters are described in detail for each phase.

In the design of the spacecraft operational mission, the LV mission

phases were simulated independent of the exact LV operational trajectory.

The trajectory data presented here for the LV mission phases were simu-

lated with LV data received from the MSFC in a previous intercenter

targeting exercise. No attempt was made to exactly duplicate the LV

operational mission, and the information for the LV phases will differ

from that in the official trajectory document (ref. 2). The parameters

for the LV mission phases should be considered as typical values only.

The data presented in tables IV and V apply to the missions throughout

the window. Table IV, the spacecraft weight and engine characteristics,

were taken from reference 3. Table V lists the assumed mission-independent

expendables. These data and spacecraft weights in table IV were used to

determine mission fuel reserves and weight histories.

Tables VI and VII give the mission radar and shadow timelines for

all mission phases except launch. The radar acquisition and termination

data are presented for both 0° and 5° minimum elevation angles. The

tracking information in table VI is presented only for the selected

launch azimuth (72 ° ) and the first injection opportunity a.

aGeneral information for the 72 ° through 108 ° launch azimuth range

for three earth parking orbits is presented in references 4 and 5.

Tracking information for the launch phase 72 ° through 108 ° is given in

reference 6. These data were derived using now outdated LV trajectories

but are still useful as information.



5.1 Earth Launcha

The launch time for this mission was determined to provide an op-
timized injected payload to support two injection opportunities. It
is emphasizedthat the launch time, in particular, differs slightly
(a matter of seconds) from the official launch time in the MSFCLV
operati0nal traJ ectory.

To provide a daylight launch and acceptable lighting in the Apollo
zone, the mission was designed for a Pacific injection. The launch is
summarizedas follows:

Date, month, day .............. December21, 1968

Time, hr:min:sec, e.s.t ..........

Azimuth, deg ................

Location (CapeKennedy, Complex39A)

Latitude .................

Longitude .................

5.2 Earth Parking Orbit a

Insertion into EPOoccurs at 00:11:19.7 g.e.t.
ditions are:

Insertion location

Latitude, deg....................

Longitude, deg ...................

Altitude, n. mi ...................

Inclination, deg ...................

07:50:59.7

72

The insertion con-

32.7

-54.3

103.3

32.6

The insertion ship positioned at 25° N latitude and 49° Wlongitude
tracks the vehicle for approximately 4 _inutes (0° minimumelevation angle)
after insertion. A ground track of the EPOphase is given in figure 2(a).

aTheparameters for this phase are approximate and are presented
for information only. The official source for this phase is the MSFC
launch vehicle operational trajectory (ref. 2).
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The LV maintains local horizontal attitude throughout the EPOphase ex-
cept for an inertial hold of about i0 seconds immediately following EPO
insertion. The total time spent in EPOis 2h39m.

5.3 Translunar Injection a

The TLI burn occurs over the Pacific ocean during the second revolu-
tion in EPO:

TLI burn initiation, hr:min:sec, g.e.t ......

Latitude, deg .................

Longitude, deg ................

TLI cutoff:

Latitude, deg ................. 21.1

Longitude, deg................. -144.5

Altitude, n. mi ................ 173.6

Flight-path angle, deg .............. 7.5

Inertial velocity, fps ............. 35 582

Burn duration, sec............... 311.5

S-IVB propellant used, ib ........... 151 000.

Plane change, deg ............... 2.6

2:50:31.2

9.6

-165.9

TLI is initiated in darkness and the vehicle enters sunlight ap-

proximately midway through the TLI burn.

Coverage for the major part of the burn is provided by Hawaii, which

acquires shortly after ignition. Additional support of the burn and

preignition sequence is supplied by one of the injection ships (table VIII).

aThe parameters for this phase are approximate and are presented

for information only. The official source for this phase is the MSFC

launch vehicle operational trajectory (ref. 2).
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5.4 Free-return Circumlunar Trajectory

Free-return touchdown is near the western coast of Africa. A water
landing can be insured by applying a corrective maneuverat an acceptable
time during either the translunar or transearth coast phases of the cir-
cumlunar trajectory. The trajectory is characterized by the following:

Pericynthion

Time, hr:min:sec, g.e.t ............

Altitude, n. mi ................

Latitude, selenographic, deg..........

Longitude, selenographic, deg .........

Return vacuumperigee altitude, n. mi ......

Transit time from TLI to earth perigee,
hr:min:sec ...................

Earth entry:

Time, hr:min:sec, g.e.t ............

Altitude, n. mi ................

Latitude, deg N ................

Longitude, deg W................

Inclination, deg................

Touchdown:

Longitude, deg W................

Latitude, deg N ................

69:09:29.4

6o .2

-9 .i

-174.8

16.4

133:29:35

136:25:18.2

65.8

2O.7

37.7

28.4

16 -7

i0.9
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5.5 Posttranslunar Injection Events

A summaryof the major events from TLI cutoff through LOXblowdown
is given in table IX. In determining the separation attitude maneuver
(TB7-plus-900 seconds), the sun was constrained to between 32° and 90°
of the LV +X-axis. This provides over-the-shoulder lighting and avoids
any CSMshadowon the S-IVB for the station keeping position. The SC
event times on board will be referenced to TLI ignition (column i of
table IX) and the LV event times to TB7. Therefore, the SCevent times

will vary with respect to TB7 as TLI burn time varies. The SCmaneuver
times referenced to TB7 in the table assumeda 300-second TLI burn time.

The purpose of the evasive maneuverat TB7-plus-2400-seconds is to
decrease the probability of S-IVB recontact and to avoid the ice particles
expected to be expelled by the S-IVB during the LOXdump(TB7-plus-
7920-seconds). The magnitude of the evasive maneuver is 1.5 fps and
requires approximately a 8-second, 4-jet RCSburn.

The direction of the evasive maneuverhas not yet been determined
but several maneuversare being investigated. In choosing the AV direc-
tion, consideration will be given to:

I. SCand LV relative positions during the LOXblowdown.

2. LV and SCcommunications requirements.

3. Midcourse AVrequirements.

4. Visual monitoring of the S-IVB during the blowdown.

It should be noted that the station keeping position is maintained
for approximately 13 minutes. This time could be easily changed, since
the period from 1610 to 3600 seconds (TB7) is relatively void of activity.

The S-IVB assumesa local horizontal position for the LOXblowdown,
with the +X-axis retrograde with respect to the direction of motion. The
magnitude of the AV resulting from the L0X dumpis expected to be
approximately 90 ± 18 fps.

The LOXdumpmaneuver is designed to reduce the probability of SC
recontact with the S-IVB and also to avoid S-IVB impact with the earth
or moon. Nominally the L0Xdumpmaneuverwill result in a "sling-shot"
trajectory; the S-IVB passes behind the trailing edge of the moonand
is accelerated by the lunar gravitational field. The result is a helio-
centric orbit which avoids either earth or lunar impact.
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5.6 Translunar Coast

A ground track of the translunar coast phase is given in figure 2(b),
and a time history of altitude for the first 4 hours of coast is provided
in figure 3.

Passive thermal control attitude will be maintained throughout most
of the translunar coast phase. A detailed timeline for the entire coast
phase is currently being defined and will be published later.

Four midcourse correction maneuverpoints have been defined for the
translunar coast phase with corresponding AVthreshold values. The
corrections will be performed if the predicted midcourse AV is greater
than the threshold values. The times of these maneuverpoints and
threshold values are as follows:

i. TLI + 6 hours .............. 3 fps

2. TLI + 25 hours .............. i fps

3. LOI - 22 hours .............. i fps

4. LOI _ 8 hours .............. i fps

The maneuversare GNCS-controlled using external AVguidance.
Unless gimbal lock problems occur, the pad IMUalignment (REFSM_T)will
be used for the first three maneuversand the L01(2) preferred REFSMMAT
for the last maneuver.

Preliminary dispersion analyses indicate that only three MC
maneuverswill probably be required; (i), (2), and (4) or, (i), (3),
and (4). It also appears that the 120 fps AV allowance used in the
generation of the operational mission (table V) is somewhatconservative.
More detailed MCinformation including the targeting procedures is
contained in reference 6.

The CSMremains in sunlight during the entire translunar coast phase
(table VI). The duration of the phase is 66h12m.

Altitude above the lunar surface for the last i0 hours of translunar
coast is provided in figure 4.

5.7 Lunar Orbit Insertion

The LOI burn (described below) is designed to insert the CSMinto
approximately a 60- by 170-n. mi. LPO. Figure 5 provides a time history
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of trajectory parameters during the burn.

the external AV guidance.

LOI initiation:

Time, hr:min:sec, g.e.t .............

Altitude, n. mi .................

Selenographic latitude, deg ...........

Selenographic longitude, deg ..........

Burn duration, min:sec ..............

Inertial burn arc, deg ..............

Plane change, deg .................

AV, fps ......................

SPS propellant used, ib ..............

LOI burnout (Start LPO) :

Time, hr:min:sec, g.e.t .............

Altitude, n. mi .................

Selenographic latitude, deg ...........

Selenographic longitude, deg ..........

Selenographic inclination, deg .........

Period of LPO, hr:min:sec

Altitude of pericynthion of LPO, n. mi ......

Altitude of apocynthion of LPO, n. mi ......

The preferred IMU alignment for the lunar orbit circularization

burn LOI(2), was used for the LOI burn as well as for the TEl burn.

The CSM is aligned heads-down and the engine is gimballed to account

for the c.g. offset.

The burn was simulated with

69:07 :29.2

68.5

-7.2

-165.3

4:05.8

16.3

2.4

2 991

16 045

69:11:35.0

59.3

-i0.0

178.4

167.7

2:08:42

59.O

168.9
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The target loads for the LOI burn are given in table X. More

detailed information about the burn, including reset points, navigation

updates, ignition gimbal angles, etc., is given in the "C Prime Simulator

Data Package" (ref. 7).

The LOI burn parameters presented below were computed without

simulating the SPS thrust buildup and tailoff. The effect of these,

however, is reflected in the burn parameters presented in the simulation

data package (ref. 7).

5.8 Lunar Orbit Circularization [LOI(2)]

A coplanar circularization burn is performed to place the CSM in
approximately a 60-n. mi. circular LPO after two revolutions in the

60- by 170-n. mi. orbit. The target altitude of the orbit (60 n. mi.)

is measured relative to the lunar target site (table II), and not to
the mean lunar radius.

The burn is initiated near pericynthion of the second revolution.

The preferred IMU alignment is used, and the CSM is orientated heads-

down. More detailed information is given in reference 7.

teristics of the burn are:

Circularization burn initiation:

Time, hr:min:sec, g.e.t ............ 73:30:52.8

Altitude, n. mi ............... 59.0

Selenographic latitude, deg .......... 10.8

Selenographic longitude, deg ........ 169.6

Burn duration, sec .............. 9.7

Inertial burn arc, deg ............. 5

AV, fps .................... 138.5

SPS propellant used, ib ............ 633.8

The charac-

5.9 Lunar Orbit Coast

The L01 burn results in a 60- by 170-n. mi. elliptical lunar

parking orbit. Near the end of the first revolution, general lunar

photography is performed. Two revolutions, or abour 4 hours after LOI,

the circularization burn is performed to place the CSM in a 60-n. mi.
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circular orbit which will pass over the target site on the seventh

revolution. On the first revolution after circularization (revolution 3),

landmark training photography is performed on the approach to the target

site. On the following sunrise, vertical stereo photography is initiated

for most of the terminator to terminator pass. Just prior to the approach
to the sunset terminator on revolution 4, a general landmark evaluation is

made using the SCT. Beginning with :revolution 5, the landmark tracking

exercises are initiated. These include tracking of landmarks or control

points on the back side of the moon and pseudo-landing site sightings

near the Apollo landing sites. Two of these sightings are performed

on revolutions 5 and 6 (one backside control point and one pseudo-landing

site). On revolutions 7 and 8 three sightings are made on control points

and one on the pseudo-landing site. This completes the landmark tracking

exercises. On the sunrise following the last pseudo-landing site

sighting, vertical stereo photography is performed from the terminator

to terminator (into revolution 9). The remainder of revolutions 9 and i0

are devoted primarily to TEl preparation. TEl is performed near the
end of revolution i0 or about 20 hours after LOI.

5.10 Transearth Injection

TEl occurs 19h52 m after L01. A time history of significant parameters

during the burn is provided in figure 6. The burn was nominally targeted

for an 82-hour transearth flight time. However, it may be desirable to

reduce the flight time by 24 hours since no known constraints would be

violated. Shorter flight times have been investigated and found

acceptable in terms of AV requirements and entry conditions. The addi-

tional AV required to return i day early for the mission is approximately

694 fps. This additional AV results in a propellant penalty of

approximately 2293 ib, the flight time 57.5 hours, iNote that both burns

occur on the back side of the moon. Trajectory parameters associated

with both flight times are presented below.

The preferred IMU alignment for the circularization burn [LOI(2)]

again was used for the TEl burn. Additional information concerning the

nominal TEl (82-hour flight time) is contained in reference 7.

The characteristics of the nominal TEl burn and the burn after

a one-day-earlier return are listed on the following page:
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Nominal

Initiation, hr:min:sec, g.e.t ........ 89:04:01.9

Latitude, deg ............... -2.95

Longitude, deg .............. -151.0

Burn duration, sec 171.3

AV, fps ................... 2 837.8

SPS propellant used, Ib .......... ii 180.4

Plane change ................ 2

Burnout

Flight-path angle, deg ..........

Altitude, n. mi ..............

Latitude, deg ...............

Longitude, deg ..............

Entry velocity (inertial), fps ......

3.0

61.2

-5 .i

-161.7

36 070.9

One day early

89:15:06.6

-8.76

177.5

206.4

3 531.7

13 473.3

1.5

3.0

59.9

-10.8

163.8

36 218.7

5.11 Transearth Coast

A ground track of the transearth coast phase (for the nominal TEl)

is provided in figure 2(d). Altitude above the lunar surface for the

first i0 hours of transearth coast is provided in figure 7. The flight

time from TEl cutoff to entry interface is 81h59 m.

As in the translunar coast phase, four MCC maneuver points have

been defined:

I. TEl + i0 hours

2. TEl + 29 hours

3. Entry interface - 29 hours

4. Entry interface - 2 hours
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For considerably shorter flight times such as that resulting from

a return i day early (see section 5h10), only three midcourse maneuver

points are defined:

i. TEI+ 8 hours

2. TEl + 30 hours

3. TEl - 2 hours

These midcourse maneuvers are controlled by the GNCS using external

AV guidance.

Unless gimbal lock is encountered, the REFSMMAT for the LP0 circu-

larization burn [LOI(2)] will be used for the first three maneuvers and

the entry REFSMMAT for the last maneuver. For shorter flight times the

LOI(2) REFSMMAT will be used for the first two and the entry REFSMMAT

for the last.

A detailed timeline for the entire transearth coast phase is now

being defined. This will define the attitude requirements for navigation

sightings, communications, and thermal control. The complete attitude

timeline will be published later.

Altitude versus time for the last i0 hours of transearth coast is

provided in figure 8. CSM separation occurs 15 minutes prior to entry
interface.

The vehicle remains in sunlight except for approximately the last

25 minutes of the transearth coast phase (table VII). S-band communi-

cations is lost (above 5° elevation) at approximately 3 minutes prior to

entry interface (table VI). Additional coverage will be provided by

the entry and injection tracking ships prior to and during entry.

5.12 Entry

The entry phase of the operational trajectory was simulated with

the Apollo reentry simulation (ARS) progr_n in six-degrees-of-freedom.

Three-degrees-of-freedom trajectories were used to determine the CM

maneuver footprint. Table XI shows the REFSM_T and gimbal angles for

entry.

The CM weight, c.g. position in the Apollo coordinate system, and

moments and products of inertia (ref. 8) for the reentry interface are

listed in table XII. Also included from the same reference are the CM

weight at main parachute deployment and at splashdown. The reentry state

vector is presented in table XIII, and the reentry corridor in figure 9.
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The aerodynamic coefficients as a function of Machnumberand angle
of attack, which were used in the six-degrees-of-freedom trajectory simu-
lation are from reference 9. Theseaerodynamic coefficients along with
the corresponding coefficients of lift and drag for the three-degrees-
of-freedom simulations were used to determine the CMmaneuver footprint.
Table XIV lists trim angles of attack, coefficients of lift and drag,
and L/D as a function of Machnumber.

Aerodynamics for the drogue and main parachute phase simulations
consisted of drag values as a function of time from the initiation of
the sequence. Drag values for parachutes are given in reference 9.

The atmospheric model used for the simulations was the 1962 U. S.
Standard Atmosphere (ref. i0).

Figure i0 showsa plot of the CMmaneuver footprint and the nominal
ground trace on a mapof the reentry area. The nominal touchdown target
is 1350-n. mi. downrange from the reentry interface. The coordinates
of the target are 165° Wlongitude and 4.3° N geodetic latitude. The
simulation uses the reentry guidance as defined in reference ii. Subse-
quent revisions to the guidance are explained in reference 12.

At the nominal reentry interface, 171h5m31.7s g.e.t., the CMis at
an altitude of 400 050 ft and the coordinates are 174.75° E longitude
and 14.629° N geodetic latitude. Inertial velocity, flight-path angle,
and azimuth at this point are 36 000 fps, -6.26 ° , and 112.595° , respec-
tively.

The nominal mission time from lift-off to drogue deployment, at an
altitude of 23 300 ft, is 171h13m55s. Figure ii, which showsaltitude
as a function of range to the target, denotes the guidance phases. The
load factor at the c g reaches a first maximumof 5.46g, 171h6m57s• . g.e.t.,
and a secondmaximumof 5.96g, 171hllm19s g.e.t.

Time histories of the bank angle commandedby the guidance system,
load factor, and altitude are presented in figure 12. The RCSsystem
uses 12.11 ib of propellant for the separation and attitude hold maneuver
prior to 0.05g. The RCSsystem then uses 19.5 ib of propellant performing
the guidance commandsduring the remainder of the reentry. Figure 13
shows a time history of the RCSfuel consumption from 0.05g.

Figure 14 showsthe time histories of the total heating rate and
the total heat load. Time histories of velocity and flight-path angle,
both inertial and relative, are presented in figure 15. The aerodynamic
heating during reentry is an arithmetic sumof convective and radiative
heating. The convective heating rate and the radiative heating rate
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were determined as defined in references 13 and 14. The maximumtotal

heating rate is 287.0 (B.t.u./ft2)/sec at 171h6m42s g.e.t., and the
total heat is 27 569 B.t.u./ft 2. In figure 16, the altitude is plotted
as a function of relative velocity, and the boundaries for S-band and
C-band communication blackout are shown(ref. 15). Figure 17 showsthe
time histories of the primary DSKYdisplays, commandedbank angle, al-
titude rate, and inertial velocity. Table XV gives a sequence of per-
tinent events, including the periods of communication blackout, which
occur along the trajectory.

The drogue chute deployment sequencestarts at an altitude of
23 300 ft, 171h13m55s g.e.t. Two seconds later, the two drogue para-

chutes are deployed. At an altitude of i0 500 ft, 171h14m48s g.e.t,
the low altitude baroswitch closes, and the drogue parachutes are dis-
connected. Onesecond after the baroswitch closes, the three main
parachutes are deployed. The CM, suspendedon the main parachutes,
reaches splashdown171h19m18s g.e.t. The relative velocity and relative
flight-path angle versus time are plotted in figure 18 from drogue
chute deployment. Figure 19 showsload factor and altitude versus time
from drogue chute deployment.

An EMSscroll (nonexit pattern) is presented in figure 20(a) with
the reference trajectory (from 0.05g) imposedupon it. The nonexit
EMSpattern has limit lines which will prevent the spacecraft from exiting
atmosphere (g < 0.2); therefore, whena tangency occurs in an offset or
skip line, the spacecraft is in danger of skipping out of the atmosphere
and a crew take-over is required. Another pattern will be available for
the lunar mission which will allow the spacecraft to skip out of the
atmospherebut not exceed a range of 3500 n. mi.

The commandedbank angle and EMSrange-to-go versus the inertial
velocity are plotted in figure 20(b).



6.0 TRACKINGSHIPPOSITIONSANDCOVERAGE

The EPOinsertion ship is located at a latitude 25° N and at a
longitude 49° W. This location provides a minimumof 3-1/2 minutes of
coverage after EPOinsertion over the entire 36° azimuth spread for a
minimumLOSelevation angle of 0°. It is understood that this minimum
angle (0° for LOS) satisfies the ship requirement. Figure 21(a) shows
the coverage provided. Note that the location is biased because of the
better coverage provided by Antigua toward the latter part of the window.

Figure 21(b) showsthe coverage for a minimumelevation angle at
LOSof 5° .

Figure 21(c) showsthe elevation angle at earth orbit insertion
for the launch azimuth range.

The general guidelines used in establishing the TLI ship positions
are as follows:

i. Coverage is optimized for the final 2 minutes of the S-IVB pre-
ignition sequence.

2. The ships are positioned to cover the opening of the window
whenever possible and coverage is continuous across the maximumpossible
launch azimuth range.

3. The coverage is maximized for the first injection opportunity.

4. The assumedcruising speedof the ships is 12 knots for reposi-
tioning on a day-to-day or month-to-month basis.

5. Coverage is based on a minimumelevation angle of 0°.

6. There was an attempt to provide coverage for the complete 36°
launch azimuth range unless the window is restricted by the daylight
launch constraint.

The positions of the two injection ships and the coverage which is
provided are shownin table Vlll(a) and (b). The coverage data are shown
on bar graphs in terms of the launch azimuths for each launch date.
Coverage for the first and secondinjection opportunities is given and
the launch azimuth coverage commonto both injection opportunities is
identified. Coverage data and the duration of the launch window with
the corresponding ship positions for each launch date are tabulated
below the bar graphs.



22

The ship positions and the coverage provided for the Decemberwindow
are presented in table Vlll(a). The TLI positions range from about 15° N
latitude on December20 to about 30° S latitude on December27. A map
showing the DecemberTLI positions and the locations of the ships on
each day is presented in figure 21(d).

The coverage available from the two ships is generally good for the
first 3 days of the opportunity but begins to decrease thereafter due to
the ship movementlimitations. The island of NewGuinea limits the move-
ment of the westernmost ship and is the primary cause of the continually
decreasing coverage that begins on December24. The land mass of Australia
prohibits ship placement to cover the opening of the window on the 27.

Somesupport is provided by the GuamMSFNstation on the first
2 days, and the Carnarvon station provides assistance on the last 3 days.

The duration of the launch window for which coverage of the first
injection opportunity is provided ranges from almost 4 hours on Decem-
ber 20 to only i0 minutes on December26.

The ship positions and the coverage provided for the January window
are presented in table Vlll(b). The TLI maneuvers range from about 5° N
latitude on January 18 to near 30° S latitude on January 24. A map
showing the January TLI positions and the locations of the ships on each
day is presented in figure 21(e).

The coverage available from the ships is good for the first day of
the January window. The land mass of NewGuinea restricts the movement
of the ships beginning the second day. Consequently, the coverage avail-
able on the secondand third days is reduced and launch window coverage
is increased on subsequent days. The opening of the window is covered
every day except January 23 whenthe land mass of Australia makescover-
age of the opening impossible. Carnarvon station provides all or part
of the coverage on the last 3 days of the window. The duration of the
launch window for which coverage of the first injection opportunity is
orovided ranges from about 3-1/2 hours on January 18 to i0 minutes on
January 22.

On days whenit is practical, the entry ship will be initially
placed to assist A/RIA in monitoring the TLI burn. After TLI the ship
will cruise to the preplanned entry position. The entry ship positions
are not yet available.
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TABLE II.- LUNAR TARGET SITE POSITIONS

Lunar target
site no.

I-P-I

bll-P-2

bii_P_6

bii_P_8

b II-P-II

iII-P-9

b II-P-13

Selenographic

latitude, deg

Selenographic

longitude, deg

-1.2517

2.6317

0.7322

0.3742 _

0.3255

-3.o719

1.7667

43.3014

34.0253

23.6475

-1.3450

-19.9003

-23.5558

-41.9389

Altitude, n. mi.

-m. 42

-o.82

-1.66

-O.5O

-o. 85

-1.21

-i. 32

a

aAssumed mean lunar radius of 938.5 n. mi.

bprimary Apollo landing sites.
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TABLEIII .- SEQUENCEOFMAJOREVENTS

[Launch occurs at 7h50m597s. e.s.t, on a 72° launch azimuth]

Mission phase

Earth orbit insertion

Translunar injection

Free-return,
circumlunar
pericynthion

Free-return entry

Lunar orbit insertion

Cireularization burn

Pass over target
site (7th rev.)

Transearth injection

G.e.t., hr:min:sec D.ata summary

I Latitude, deg N
0:11:19.7 Longitude, deg W •

Inclination, deg •

a2 _ Burn time, sec ....
:50:31.2 I Plane change, deg •

69:09:29.4

136:25:18.2

69:07:29.2

a73:30:52.8

82:08:26.0

89:04:01.8

32.7

-54.7

32.6

311.5

2.6

Altitude, n. mi. 60.2

Selenographic

latitude, deg • • -9.1

Longitude, deg ..... 174.8

Altitude, n. mi. 65.8

Longitude, deg ..... 37.8

Latitude, deg .... 20.7

Flight-path angle,

deg ......... 6.7Velocity, fps .... 36 121.5

Equatorial inclina-

tion, deg ..... 28.4

Vacuum perigee

altitude, n. mi. . 16.3

Mass at ignition, ib • 62 629.9

Burn time, sec 2h5.8

Plane change, deg . 2.4

Propellsunt used_ Ib 16 044.7

I Mass at ignition, lb . 45 565.2
Burn time, see .... 9.7

Propellant used, Ib 633.8

I Sun elevation atsite, deg ..... 6.6

Mass at ignition . 45 666.4

Burn time, sec .... 171.3

Plane change, deg 0.2

Propellant used, ib . ii 180.4

algnition time
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TABLE III.- SEQUENCE OF MAJOR EVENTS - Concluded

[Launch occurs at 7h50m59.7 s e.s.t, on a 72 ° launch azimuth]

Mission phase G.e.t., hr:min:sec

Entry interface

Splashdown

171:05:31.7

171:19:18.3

Data summary

I Velocity, fps .... 36 070.9

I Flight-path angle,
deg ........ -6.26

P Latitude, deg .... 14.6

I Longitude, deg 174.7

I Latitude, deg ....Longitude, deg

4.28

-164.98
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TABLE IV.- SPACECRAFT WEIGHT SUMMARY AND

ENGINE CHARACTERISTICS

(a) Vehicle weights

CM inert, ib ................. 12 392

SM inert, ib ................. i0 675

SPS unusable, ib ............... 666

Total inert, ib ...............

LTAB, ib ...................

SPS deliverable (usable), ib .........

SLA, ib ...................

Injected Saturn payload, ib .........

(b) Engine performance data

SPS engine 108 thrust, ibf ..........

Nominal Isp , ibf-sec/ibm ...........

Minimum Isp , ibf-sec/ibm ...........

23 733

19 9OO

39 917

4 150

87 700

2O 500

314. I

313.6
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TABLE V.- ASSUHED HISSION

INDEPENDENT EXPENDABLES

Mission independent SPS AV budget

Translunar, fps .............. 120

Transearth, fps a 240• • • • • • • • , • • • o

Other exoendab les

Translunar coast, ib ........... 272

Lunar orbit coast, Ib ........... 285

Transearth coast, ib ........... 180

a!ncludes 178 fps for GI_C8 faii,_re and return from any

lunar orbit.
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TABLEVl.- MISSIONRADARTIMELINEa

b
(a) Definitions of radar table headings

MLACB Merritt Island C-band

PATCB Patrick C-band

KENCB CapeKennedyC-band

GBI CB Grand BahamaIsland C-band

GTI CB Grand Turk Island C-band

BDACB BermudaC-band

ANTCB Antigua C-band

CYI CB Grand Canary C-band

ASCCB Ascension Island C-band

PRECB Pretoria C-band

CARCB Carnarvon C-band

HAWCB Hawaii C-band

CALCB Pt. Arguello C-band

WHSCB White Sands C-band

EGLCB Eglin C-band

aThe e_closed radar table gives data for the coast phases only. If
a station does not acquire or terminate at the nominal minimumelevation
of 0° or 5° , the user must then investigate to see if the event took
place because of exceeding maximumrange, occulation, or end of a phase.
All numbersare rounded off to the nearest unit of time, degrees, or
nautical miles.

bTime is g.e.t, and range is slant range from the station to the
spacecraft (n. mi.). See figure A-3b in the appendix for definitions
of RAand DEC, figure A-3a for AZand ELV, and figures A-3c and A-3d
for X and Y. RA is equivalent to -HA in figure A-3b.
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TABLEVl.- MISSIONRADARTIMELINEa - Continued

b
(a) Definitions of radar table headings - Continued

TANTM Tananarive telemetry

K_0TM Kanotelemetr_j

MLASB Merritt Island S-band

GBI SB Grand BahamaIsland L_-band

BDASB BermudaS-band

ANTSB Antigua S-band

CYI SB Grand Canary S-band

ASCSB Ascension S-band

CARSB Carnarvon S-band

GUMSB GuamS-band

HAWSB Hawaii S-band

GYMSB GuaymasS-band

TEXSB Corpus S-band

MADDS Madrid deep space

CNBDS Canberra deep sl)ace

GLDDS Goldstone deep space

aThe enclosed radar table gives data for the coast phases only. If
a station does not acquire or terminate at the nominal minimumelevation
of 0° or 5° the user must then investigate to see if the event took
place becauseof exceeding maximumrange, occulation, or end of a phase.
All numbersare rounded off to the nearest unit of time, degrees, or
nautical miles.

bTime is g.e.t, and range is slant range from the station to the
spacecraft (n. mi.). See figure A-3b in the appendix for definitions
of _A and DEC,figure A-3a for AZ and ETV, amdfigur_s t_-3c and A-3d

for X and Y. RA is equivalent to -HA in figure A-_h.
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TABLEVI.- MISSIONRADARTIMELINEa - Continued

(a) Definitions of radar table headingsb - Concluded

SHIP i

SHIP 2

SHIP 3

Insertion ship

Injection ship (i)

Injection ship (2)

aThe enclosed radar table gives data for the coast phases only. If
a station does not acquire or terminate at the nominal minimumelevation
of 0° or 5° , the user must then investigate to see if the event took
place because of exceeding maximumrange, occulation, or end of a phase.
All numbersare rounded off to the nearest unit of time, degrees, or
nautical miles.

bTime is g.e.t, and range is slant range from the station to the
spacecraft (n. mi.). See figure A-3b in the appendix for definitions
of RA and DEC,figure A-3a for AZ and ELV, and figures A-3c and A-3d
for X and Y. RA is equivalent to -HA in figure A-3b.
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TABLE VII.- MISSION SHADOW TIMELINE

(a) Earth orbit phase

[Insertion occurs at 0:00:11:20]

Enter, g.e.t., Exit, g.e.t.,
Lighting

day:hr:min:sec day:hr:min:sec

Earth penumbra

Earth umbra

Earth penumbra

Sunlight

Earth penumbra

Earth umbra

0:00:51:33.8

0:00:51:46.1

0:01:25:32.3

0:01:25:45.0

0:02:19:42.4

0:02:19:54.5

0:00:51:46.1

0:01:25:32.3

0:01:25:45.0

0:02:19:42.4

0:02:19:54.5

(b) Translunar phase

TLI ignition occurs at 0:02:50:31;i
TLI cutoff occurs at 0:02:55:43

Vehicle is in sunlight throughout translunar phase.
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TABLEVII.- MISSIONSHADOWTIMELINE- Continued

(c) Lunar orbit phase; LOI to circularization burn

L01 ignition occurs at 2:21:07:29; cutoff at 2:21:11:35; ]
circularization burn ignition occurs at 3:01:30; cutoff_
at 3:01:31:02 J

Lighting Enter, g.e.t., Exit, g.e.t.,
day:hr:min:sec day:hr:min:sec

Lunar penumbra

Lunar umbra

Lunar penumbra

Sunlight

Lunar penumbra

Lunar umbra

Lunar penumbra

Sunlight

2:22:13:59.3

2:22:14:12.7

2:23:00:13.9

2:23:00:26.9

3:00:22:31.4

3:00:22:46.7

3:01:08:46.3

3:01:08:59.3

2:22:14:12.7

2:23:00:13.9

2:23:00:26.9

3:00:22:31.4

3:00:22:46.7

3:01:08:46.3

3:01:08:59.3
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TABLEVII.- MISSIONSHADOWTIMELINE- Continued

(d) Lunar orbit phase; circularization burn to TEl

Circularization burn ignition occurs at 3:01:30:53;]cutoff at 3:01:31:03

Lighting Enter, g.e.t., Exit, g.e.t ,
day:hr:min:sec day:hr:min:sec

Lunar penumbra

Lunar umbra

Lunar penumbra

Sunlight

Lunar penumbra

Lunar umbra

Lunar penumbra

Sunlight

3:02:22:45.0

3:02:22:56.1

3:03:08:53.4

3:03:08:56.9

3:04:21:18.1

3:04:21:29.3

3:05:07:25.4

3:05:07:36.4

Lunar penumbra

Lunar umbra

Lunar penumbra

_unlight

3:06:19:53.6

3:06:20:02.3

3:07:05:59.0

3:07:06:10.L

3:02:22:56.1

3:03:08:53.4

3:03:08:56.9

3:04:21:18.1

3:04:21:29.3

3:0<:07:25.4

3:05:07:36.4

3:06:19:53.6

J._'06:20:02.3

3:07:05:59.0

3:07:06:10.L

3:0$:18:32.4

Lunar penumbra

Lunar umbra

Lunar penumbra

Sunlight

Lunar penumbra

Lunar umbra

Lunar penumbra

3:08:18:32.4

3:08:18:43.8

3:09:04:35.7

3:09:04:47.4

3:10:17:06.1

3:10:17:17.0

3:11:03:13.3

3:08:18:43.8

3:09:04:38.7

3:09:_4:47.4

3:10:17:06.1

3:10:17:17.0

3:1]:03:13.3

3:11:03:24._
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TABLEVII.- MISSIONSHADOWTIMELINE- Concluded

(d) Lunar orbit phase; circularization burn to TEl - Concluded

Enter, g.e.t., Exit, g.e.t.,
Lighting day:hr:min_sec day:hr:min:sec

Sunlight

Lunar penumbra

Lunar umbra

Lunar penumbra

Sunlight

Lunar penumbra

Lunar umbra

Lunar penumbra

Sunlight

Lunar penumbra

Lunar umbra

Lunar penumbra

Sunlight

3:11:03:24.5

3:12:15:37.2

3:12:15:51.4

3:13:01:46.5

3:13:01:57.7

3:14:14:19.6

3:14:14:30.9

3:15:00:25.9

3:15:00:40.9

3:16:12:54.5

3:16:13:05.2

3:16:59:00.8

3:16:59:12.1

3:12:15:37.2

3:12:15:51.4

3:13:01:46.5

3:13:01:57.7

3:14:14:19.6

3:14:14:30.9

3:15:00:25.9

3:15:00:40.9

3:16:12:54.5

3:16:13:05.2

3:16:59:00.8

3:16:59:12.1

(e) Transearth phase

I TEl ignition occurs at 3:17:04:02; cutoff at 3:17:06:53;entry interface occurs at 7:03:05_32

Earth penumbra 7:02:40:25.2 7:02:40:40.2

Earth umbra 7:02:40:40.2 --

]
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TABLE Vlll.- TRANSLUNAR INJECTION TRACKING SHIP COVERAGE

(a) Coverage and ship locationsfor the December 1968 launch window.

108

102

96

9o
84

_, 72

LN

20 21 22

LAUNCH DATE

23

108

102

_ 96

_ 90

84
"I-

U
z 78

_ 72
M

24 25 26

LAUNCH DATE

LAUNCH AZIMUTH COVERAGE PROVIDED

(SECONDREVOLUT,ON)I /COMMON)
SHIP POSITIONS

Azimuths Launch Window Duration

Covered For Azimuths Covered

(deg) (hr:min)

Launch Second Third Second Third

Date Rev Common Rev Rev Common Rev

20 Dec 81-IO8 81-98 81-98 3:55 2:06 2:00

21 Dec 72-101 72-89 72-89 3:45 2:00 2:00

22 Dec 72-95 72-84 72-84 3:00 1:27 1:27

23 Dec 72-88 72-76 72-76 2:07 0:36 0:36

24 Dec 72-82 ........ 1:23 ........

25 Dec 72-78 76-78 76-83 0:52 _:19 1:04

26 Dec 72-73 72-73 72-78 O:i0 0:I0 I:00

27 Dec 74-81 .... 72-73 1:18 .... 0:IO

27

(THIRD REVOLUTION)

Ship Positions

Ship 1 Ship 2

Lat Long Lat Long

(deg) (deg) (deg) (deg)

II.ON 179.0E 7.ON 157.0E

7.5N 178.5W 2.5N 155.5E

2.ON 175.0E 2.5S 148.2E

0.O 171.0E 7.5S 148.0E

0.0 167.0E II.OS 150.5E

I.OS 162.5E 13.0S 146.OE

3.0S 165.OE 17.5S 146.5E

3.0S 165.OE 17.5S 146.5E

NOTE: Tracking coverage from "TLI iglliLion - 2 minutes" through TLI ignition.
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TABLE VIII.- TRANSLUNAR INJECTION TRACKING SHIP COVERAGE- Concluded

(b) Coverage and ship locations for the January 1969 launch window.

96 ....

_< 90

"i × x i78 ' _ _

_, 72
18 19 20 21

LAUNCH DATE

Launch
Dote

18 Jan

19 Jan

20 Jan

21 Jan

22 Jan

23 Jan

24 Jan

108

102

_ 96

_ 90

84

< 72
22 23 24

LAUNCH DATE

LAUNCH AZIMUTH COVERAGE PROVIDED

_,_'_ (SECOND REVOLUTION 1/coMMoN) ITH'RDREVOLUT'ON)
SHIP POSITIONS

Azimuths
Covered

(deg)

Launch Window Duration
For Azimuths Covered

(hr:mln) Ship Positions
Ship 1 Ship 2

Second Third Second Third Lat Long Lat Long
Rev Common Rev Rev Common Rev (deg) (deg) (deg) ((leg)

72-98 72-86 72-86 3:26 1:34 1:34 4.ON 176.0E I.ON I50.OE

72-92 72-80 72-80 2:38 0:57 0:57 I.ON 172.5E 3.58 148.OE

72-84 72-73 72-73 1:37 0:07 0:07 1.ON 168.0E I0.7S 150.7E

72-79 78-79 78-81 1:00 0:09 0:27 2.5S 165.0E I0.7S 145.7E

72-73 72-73 72-80 0:I0 0:I0 1:17 5.5S 161.OE II.0S 141.OE

76-84 .... 72-75 1:28 .... 0:42 8.5S 159.5E 14.5S 137.5E

72-79 ........ 1:26 ........ 8.5S 159.5E 16.0S 137.6E

NOTE: Tracking coverage from "TLlignition- 2 minutes" through TLI ignition.
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TABLE X.- TARGET LOADS FOR LUNAR ORBIT INSERTION,

CIRCULARIZATION, AND TRANSEARTH INJECTION

[Propulsion system - SPS; guidance - external AV]

ii 4877632

66_i1865

37684405

REFSMMAT

.076384120

-.54928435

.83213712

-.75713590]

•51108595 l

0. 40686164J

Targets

Parameter LOI Circularization TEl

T. hr:min:sec, g.e.t.
ig _

AV x , fps

AVy, fps

AVz, fps

i

69:07:29.17

-2977.2

+232.5

+166.8

73:30:52.80

-138.5

0

0

89:04:01.86

2836.9

28.8

67.1

Gimbal angles at T.
ig

Angle LOI Circularization TEl

IGA, deg

MGA, deg

0GA, deg

-161

+5

0

-178

-2

0

39

3

180
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TABLE XI.- REFSMMAT AND GIMBAL ANGLES FOR REENTRY

REFSMMAT

I .5310936 •76132403 .37192111 1•016918018 .44838224 - •89368179_

•84714425 .46833652 .25101303J

Gimbal angles at entry interface

IGA, deg .......... -23.5

MGA, deg ........... 0.8

OGA, deg ........... 0.3

TABLE XII.- COMMAND MODULE MASS PROPERTIES

CM weight, ib .......................

Centers of gravity in Apollo coordinate system, in

XA • " • • • • " • • " " • " • • " " • " " • " • • • " "

YA • " • • • • • " • • " • " • " " " • " • • " • " • ° •

ZA " " • • " " • " " • ° • " • • " ° • ° " " " " • • " •

Moments of inertia, slug-ft 2

Ixx ..........................

Iyy ..........................

IZZ ..........................

Products of inertia, slug-ft 2

IXy • • • • • • • • ° • • , • • • • • • • • • • • • • •

IXZ ..........................

Iyz ..........................

12 215.8

1040.68

-O.03

5.91

5817

4985

4506

46.6

-403.0

27.4
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TABLEXIII.- CONDITIONSAT ENTRYINTERFACE

Elapsed time from launch, hr:min:sec ...........

Inertial velocity, fps ..................

Inertial flight-path angle, deg .............

Inertial azimuth, deg ..................

Spacecraft geodetic latitude, deg ............

Spacecraft longitude, deg ................

Target geodetic latitude, deg ..............

Target longitude, deg ..................

Altitude, ft .......................

171:05:31-7

36 070.88

-6.26

112.95

14.629

174.75

4.3

-165.

4oo o5o.
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TABLE XV.- ENTRY EVENTS SEQUENCE

m

Time from lift-off, Time from 400 000 ft,

Event hr :mAn :sec man :sec

Reentry

Enter S-band communication blackout

Enter C-band communication l_lackout

Load factor = Oo09g

Maximum heating rate

Guidance initiate at R-DOT = -700 £PS

Maximmn load factor (FIRST)

Exit C-band communication blackout

Exit S-band co_unicati_n blackout

171:05:32

171:05:59

171_06:04

171:06:42

171:06:_2

171:O6:p8

171:08:36

171:09:00

Maximum load factor (SEC0}YD)

Ter_n_tion of CMC guidanc_

Droguu:s parachute deployment

Main parachutes deployment

Splashdown

171:11:20

L7i:12:}2

171:i}:55

171:14:48

171:19:18

00:00

00:27

00:32

01:i0

01:20

01:26

03:04

0_:28

05:48

07:20

08:2_

09:16

13:46
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FigureS.- Continued.



?3

3
18 -,-u

¢-
f_

-g

O0

(_-
OD

16

14

12

i0

8

6

4

2

/
0

00:00

/
/

00:40

/
/

/
/

/
/

/

/
Cu !off

/ i

01:20 02:00 02:40 03:20 04:00

Time from LOI burn initiation, min:sec

04:40 05:20

(c) SPS propellant versus time from LOI burn initiation.

Figure5.- Concluded.



7_

0'3

D

x

O0

O ,,O

CO t_

,3

\

o_
I

\/

\

O4 03 '_"

sdj 'A '/_1!001aA

I I I I I I

\
\

\

\
\

\

o
, > J\J

O ,.O

,,O I._

I I I

I I I
,,,O ¢',J O0

,.O ,,D ,,D

,-4 O ,-I
I

Sap ' ,l. ,al6U_ q:l_d-'lqS!l-t

I I I
0 ,,0

0 0 0'_

• !Lu"u '4 'apn1!_IV

I I I

O', 00 CO
I.N u'3

O

O
..

O

O

eJ

O

O

oo
(%1

O

°° o'I°o

o "_=

e..
O o

°.

E

O I--

O Ca

_i .E_
O I--

O

O

O

O

O
O

O

O
°°

O

(%10

e- .j_

,-- o

Ea _

E _

o N

s _

e- o

_ 'r.
2 _
-g =

_o ,d

_ .-_
"-" la_



75

\

\
\

\
\

/
/

/
/

/

\
/
/
\

/

\

f_

/
/

\
\

o _, .¢I

Bap '40:j!d

O

°°

O

O

O
0°

O

O

°°

O

O

g

O

o.
g

O

0°

O

O

O

O
.0

O

O

°.
O

O

O

O

O

\ °o.
O

I I L I I I I I

6ap 'MR&

E

g

c

I,I

I--

E

E

I--

e--
O

E

I--

E

o a

I
:> •

',,0

-_ .__

e_

e,-
0
N

0

--1



76

C)

e°

O

.--t

x
eq
i-i

\
m- _O w

,-,I

C.)

\
\
\

\
\

\
\

o cO ,,D

ql 'lU_ll ad°_d SdS

\
\

O
O

I°

O

O

e°

¢xl
O

O

l0

eq
o

u3
0o

O o
°_

e°

O

ILl
O I--

E

E

O t--

,-I
O

O

IQ

O
O

O

O
O

O
o

e°

O
O

o

t_

o_
t,-

.=
-C}

i

lJ.I
I-- -o

fE "Q
09. .=

_, o=
E ¢D

ow

I/I !

= ,_

"_ __
___ u.

O..

,-g



2'7

X

\
\

"!w "u 'q 'apn_,P,IV

\
\

oo

\

\
\

,,,::r

o°

d_

8

o°

g

8
g

8

°.

.°

.°
i.=
ir-

'-,i
U

E

o
=o

i=,.

-j

,.i.=,

"6

"-',i
O

l-
,p
,4--

'-,i

.4-,

O

E
o_

i

I..i_



78

×

0 o

/
/

/
/

CD O Q

/
/

/
/
/

"!w "u 'q '0i_n_,!llV

/
/

8

,.q
0

O

°°

0

_g

C)

Q

0

0

d':
Q

8
c:_

q.-D ,--_

°_
E

Im

I,-

E

.m

-.i
o

-,i

i-,

o

i,-

i

-1



• i

T9

t-

o

"6
0
.,C:

o -'_

('o

I::

.=_

,o
CD

/
I

t_

e'-

o

E

H j
z //
IJ_

i

i

i//'

II i,/ _
III i._

I/I-
ll

!
e-

c-

e-
o

I

6ap 'a:)l_jJa].u! _J_.Ua ].e al6Ue ql_l-lq6!Ii ll_!].Jau I

i.,1%

I'o

N om

CD

O

m
t'O

.m

O
ee_ C::

m

X
oO

N

I-" O0

0

0

r'-
"-'1

¢',..I

o

_--- N

0

!

-"1

o_



wW
o
c_0

o

o
o
r-.l

z
o

o_ II

_ o o

-_ r-- o
o o _II II II I--- _.I

"-_I_ .- _-
n3 0

L_ t-.- o

• ". t_

• _ 0
O0

"0

o
,D

o o r'to
e_ q:IJON

#,,_D

o q:In0S

Sap 'apn_p,_ I o!lapoa 0

fi

0
r-

°_

0

e.-,

!

la_



8_1_

J
er_

...I
X
0

'¢:1"

_-_,oo

!

, I

f
J

J

/
f

,,,,-

/

,,'1

° \

_ \. _ ,

_ x
._ -uJ

_ 6

"t
/

/

• lw "u 'gpnl!llg 0!Igp0go

J
J

/

I--

i "_ L..._ -

r_

rO
rO
e_

(0
0

0

oo
cO

'o

,--I

10

,--I

0

erl
..-I

.'o

E

o

r_

c;

o

e"

_J

0

I



82

r_

n_

E
O
c_

18_ --

±_u

-I00

-- 1 8 u l

d 50 ±00 150 200 25J

A

r_
v

I I
_Drogue parachute.

deployment
I 11

w

300 350 400 450 500 550

-g

o

3

0

0

J

\
J

Drogue parachute

deployment

I

50 iO0 i50 200 250 300 350 400 450 500 550

r_

.o_

-g
(D

(._3

5uu "_

200

iuO

0

0

I I
Drogue parachute

deployment

I

I

5,_ 100 15J 2uO 25,_ 5Jo 550 4JJ 450 5uO 55_)

Time from 400 OoO feet, sec

II
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APPENDIX

STANDARD RADAR COORDINATE SYSTEM a

aThe coordinate systems definitions were taken from "Project

Apollo Coordinate System Standards" reference (16).
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STANDARDCOORDINATESYSTEM 3a

RADAR (AZ-EL)

EARTHeS TRUE
ROTATIONAL AXIS

CE ELLIPSOID NORMAL

TRUE EQUATOR /

/ /
I /

RADAR SITE

RADAR SITE TANfiENT PLANE

TYPE:

ORIGIN:

Rotating, Earth referenced

The intersection of the radar axes

ORIENTATION AND LABELING:

The radar slte tangent plane contains the site and

is perpendicular to the reference ellipsoid normal

which passes through the radar site.

R Is the slant range to the vehicle.

A is the azimuth angle measured clockwise from

true north to the projection of the slant range

vector onto the radar site tangent plane.

E is the elevation angle measured positive above

the radar site tangent plane to the slant range

vector.

FIGURE A-3a
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STANDARDCOORDINATESYSTEM 3b

RADAR(HA-DEC)

EARTHtS TRUE
ROTATIONAL AXIS

HAAXtS........_I .

R

_TRUE EQUATOR

TYPE:

ORIGIN:

Rotating, Earth referenced

The point of intersection of the hour angle

axis with the plane of the declination rear

ORIENTATION AND LABELING:

R is the slant range* to the vehicle.

The HA axis is parallel to the Earth's true
rotational axis. The declination axis is

parallel to the true equator and perpendicular
to the HA axis.

The hour an_::le (HA) is measured positive westward

in the plane of the local radar site parallel of

latitude, from the radar site meridian plane to

the plane perpendicular to the equator and contain-
ing the vehicle and the radar site.

The declination (DEC) is the angle measured from

the radar site parallel of latitude to the vehicle,

positive north and ne_atlve south of this plane.

* Range rate (R) data is also _enerally available

in this system.

FIGURE A-3b
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STANDARDCOORDINATE SYSTEM k

RADAR(X-Y 30 ft. )

ZENITH

PLANE OF THE

PRIME

EAST

_ RADAR SITE MERIDIAN

TYPE:

ORIGIN:

Rotating, Earth referenced

At the intersection of the X axis and

the plane of the Y axis gear

ORIENTATION AND LABELING:

R is the slant range*from the radar site

tothe vehicle.

The X axis lies along the intersection of the

horizontal plane and the meridian plane at the

radar site. The Y axis is perpendicular to the
X axis.

X is the angle measured in the plane of the radar

site prime vertical from the zenith to the pro-

Jection of the slant range vector onto this plane,

positive eastward.

Y is the angle between the slant range vector and

its projection onto the plane of the radar site

prime vertical, positive when the slant range

vector is north of the plane and negative when it

_S south of it.

(When the radar antenna is directed toward the

zenith, the X and Y angles are zero and the Y axis

is perpendicular to the radar site meridian plane.)

*Range rate (R) data is also generally available in

this system.

FIGURE A-k
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STANDARD COORDINATE SYSTEM 3d

RADAR (X-Y 85ft.)

ZENITH

X--

SOUTH

EkST

RADAR SITE MERIDIAN

% \_PLANE OF THE PNIME V_RTICkL

2' \
ii'.:iiiiiii.+i.,++.i_ii_i#i.:£.+-::..:.+:.._.
++++++:'"'.-',:+++#"'.:'.:+:i+++'"'.,"'+'+,:.:'.,+.._.+,

_ LOCAL HORIZONTAL
:::::::::.....1_.. PLkNE

TYPE:

ORI GIN :

Rotating, Earth referenced

At the intersection of the X axis and

the plane of the Y axis gear

ORIENTATION AND LABELING:

R is the slant range* from the radar site

to the vehicle.

The X axis lles along the intersection of the

horizontal plane and the plane of the prime

vertical at the radar site. The Y axis is

perpendicular to the X axis.

X is the angle measure in the meridian plane

of the radar site from the zenith to the

projection of the slant range vector onto this

plane, positive southward.

Y is the angle between the slant range vector and

its projection onto the meridian plane of the radar

site, positive when the slant range vector is east

of the meridian plane and negative when it is west

of it.

(When the radar antenna is directed toward the

zenith, the X and Y angles are zero and the Y axis

is perpendicular to the radar site prime vertical

plane.)

Range rate (_) data is also generally available@

in this system.

FIGURE A-3d
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